Zygotes morphologically classified as tripronuclear (3PN) after intracytoplasmic sperm injection (ICSI), which are thought to be digynic in their origin, were studied by fluorescent in-situ hybridization (FISH). FISH results allowed us to assess the suspected ploidy after morphological evaluation of the zygote and to determine the origin of the third pronuclei. Our results show that, firstly, 36% of those zygotes classified as 3PN following their morphological evaluation were, in fact, diploid, and secondly, the main cause for triploidy after ICSI is the nonextrusion of the second polar body.
Introduction
After the introduction of intracytoplasmic sperm injection (ICSI) by Palermo et al. (1992) different studies have been carried out to clarify practical and theoretical issues related to this procedure.
From a practical point of view, one of the important issues is related to the genetic consequences of ICSI (Persson et al., 1996; Martin, 1996; Bui and Wramsby, 1996; Baschat et al., 1996; Rosenbush et al., 1996; Chandley and Hargreave, 1996) . Although ICSI might be responsible for the increase in sex chromosome abnormalities and of other aneuploidies reported so far (Cummis and Jequier, 1994; Liebaers et al., 1995; In't Veld et al., 1995) , it is also true that, with the necessary precautions, ICSI would be the most important technical advance to overcome male infertility.
The ICSI procedure assumes that only a single spermatozoon is microinjected in each oocyte, but sometimes, when the morphological evaluation of the injected oocyte is performed 16-18 h after ICSI, some zygotes show three pronuclei (3PN) instead of the expected two.
Tripronucleate zygotes after ICSI are thought to be digynic in origin based on morphological criteria such as the nonextrusion of a second polar body (PB) (Van Steirteghem et al., 1993a) . However, in some circumstances, observation of the PB can be difficult, and the possibility of PB degeneration after 2762 © European Society for Human Reproduction and Embryology several h of in-vitro culture cannot be discarded. Moreover, the morphological evaluation of the zygotes can lead to misinterpretation of the ploidy when supernumerary micropronuclei are observed (Macas et al., 1996) .
Assuming that oocytes underwent normal maturation because they were denuded from follicular cells before ICSI procedures (and therefore checked for morphological aspect and presence of the first PB), the most probable hypothesis to explain the detection of 3PN would be a normal fertilization by a single injected spermatozoon along with the non-extrusion of the second PB. In this case, the pronuclei would show a Y/ X ratio of 0.2, as illustrated in Figure 1 . However, it is also possible to speculate about the origin of 3PN after ICSI as the result of the injection of two spermatozoa in a single oocyte. Although most of the ICSI-trained biologists would heavily dispute this hypothesis, it can be assumed, at least theoretically. If this were the origin of the 3PN zygotes, the expected pronuclear Y/X ratio would be 0.5 (Figure 1) . Obviously, both Y/X ratios are calculated after assuming a uniform distribution of X and Y bearing spermatozoa in the semen sample (for a review, see Martin et al., 1996) .
We have tested these hypotheses by assessing the genetic constitution of ICSI-derived embryos displaying 3PN using fluorescent in-situ hybridization (FISH). Recently, Staessen and Van Steirteghem (1997) , demonstrated by FISH studyies on cleaving embryos, that the non-extrusion of the second PB is the main cause of 3PN after ICSI. However, these authors fixed the embryos at the stages of 2-8 cells, and their results may be influenced by the possible existence of mosaicism, estimated at~28-30% by Munné et al. (1994) and Delhanty et al. (1997) in embryos used for in-vitro fertilization (IVF), and at 16% in ICSI embryos (Staessen and Van Steirteghem, 1997) . To avoid this problem, we fixed the embryos at the 1-cell stage (zygotes). The FISH study allowed us to determine the chromosomal constitution of these 3PN, ICSI-derived zygotes and to confirm their morphological classification.
Material and methods
From January to December 1996, 33 zygotes classified as 3PN under the inverted microscope on day 1 after ICSI were collected from two different IVF laboratories. A few h after morphological evaluation, these 3PN zygotes were fixed following the method of Tarkowsky (1966) , and kept at -20°C until FISH was performed.
Ovarian stimulation, follicle puncture and ICSI procedures were performed as previously reported (Balasch et al., 1992; Gil-Salom et al., 1996) .
A tri-color mixture (Vysis Inc., Downers Grove, IL, USA) for chromosomes X (DXZ1 region, SpectrumGreen ® ), Y (DYZ1 region, SpectrumOrange ® ) and 18 (D18Z1 region, SpectrumAqua ® ) were used in this study. FISH incubation, detection and DNA counterstain were done according to manufacturer's instructions.
Fixed lymphocytes from a male peripheral blood sample were processed in parallel controls.
Slides were examined under an Olympus BX60 epifluorescence microscope fitted with a triple-band filter for DAPI/Texas Red/ fluorescein isothiocyanate (FITC) and a single band pass filter for FITC, Texas Red and Aquablue. Images were recorded in magnetic support using VidPress ® 1.12 from Matrox Electronic Systems and Photoshop ® 3.0 from Adobe. Table I , from a series of 33 ICSI-derived zygotes classified as 3PN following morphological assessment, two embryos were discarded because they divided before fixation and, although a FISH study was performed, inconsistent results between sibling blastomeres were obtained (zygotes number 9 and 14).
Results

As shown in
Among the other 31 zygotes, two (6.4%) showed 'fibre chromatin', producing FISH signals impossible to interpret (numbers 6 and 7), and four (12.9%) were classified as noninformative because of the presence of cytoplasmic remnants after fixation (zygotes number 26, 27, 31 and 32). Thus, we were able to classify 25 (80.6%) zygotes as a diploid or triploid.
Among the latest group, nine (36%) of the zygotes were assumed to be diploid (2n); two signals for sex chromosomes and two signals for chromosome 18 being observed, one (4%) had a trisomy 18 (number 8), and 15 (60%) were confirmed as 3PN because they showed three signals for the sex chromosomes and three signals for chromosome 18. Table I also shows the FISH results corresponding to the sex chromosomes, and to the PB for all those 3PN cases in which a PB was found. None of the zygotes studied showed two PB either after morphological or after FISH assessment.
It is important to point out that none of the zygotes analysed showed two Y signals. Moreover, none of the zygotes studied seemed to have a sex chromosome anomaly, although the embryo classified as trisomy 18 (number 8, Table I ) could be triploid (3n) with an X0Y sex constitution, as indicated in the table.
For those embryos confirmed as 3PN by FISH, the total number of Y chromosomes detected was 8, while the total number of X chromosomes was 37. Thus, the observed Y/X ratio was 0.216. No statistically significant differences (χ 2 test, P Ͻ 0.05) were detected when comparing our data and the theoretical ones corresponding to the first hypothesis (nonextrusion of the PB; χ 2 ϭ 0.066), but statistical differences appeared when comparing data with theoretical values expected in the second hypothesis (fertilization by two spermatozoa, χ 2 ϭ 4.9, P Ͼ 0.05).
Discussion
The percentages of 3PN zygotes obtained after ICSI are seldom detailed in published ICSI series. Van Steirteghem et al. (1993b) and Nagy et al. (1995) reported percentages of 5.1 and 2.4 respectively, and more recently Macas et al. (1996) and Staessen and Van Steirteghem (1997) reported rates of 6.2 and 6.5% respectively. These data are similar to the incidence reported by the two IVF laboratories involved in this study, 3.9% (J.M.Calafell, personal communication) and 3.3% (GilSalom et al., 1996) . The present work was designed to determine the origin of ICSI-derived zygotes classified as 3PN by morphological evaluation. From our results, the first conclusion was that 36% of the zygotes morphologically classified as 3PN, were shown to be diploid (2n) by FISH. Supernumerary pronuclei as previously reported by Van Blerkom et al. (1984) and Balakier (1993) could account for the embryos displaying 3PN but classified as 2n by FISH. This phenomenon could arise from the abnormal distribution of the maternal chromosomes into two separate sets after extrusion of the first PB. Moreover, the incidence of this abnormality could be increased by the hydrostatic pressure exerted during the ICSI procedure, thus disrupting the microtubules of the oocyte spindle, as previously suggested by Macas et al. (1996) , who reported a 32% incidence of diploid embryos erroneously classified as 3PN, although their results were based on cytogenetic studies. Oppositely, our rate of 36% of diploid embryos does not agree with the rate of 13.2% recently reported by Staessen and Van Steirteghem (1997) , after FISH studies of cleaving embryos from 3PN, ICSI-derived zygotes. Differences could be explained considering the different type of embryos analysed, because diploid zygotes undergoing abnormal cleavage as a result of disrupted oocyte spindles should have been classified as 'complex mosaics' instead of 'uniformly diploid'. Thus, the value of 13.2% could be considered as an underestimation of the rate of diploid embryos erroneously classified as 3PN.
Moreover, the balanced XY versus XX rate (5 versus 4, Table I ) corresponding to those diploid zygotes morphologically classified as 3PN seems to discard another theoretical origin: fertilization of matured oocytes by a single spermatozoon without decondensation of the sperm nucleus plus nonextrusion of the second PB.
Regarding the zygotes confirmed as 3PN by FISH, eight zygotes out of 15 (53%) showed a Y signal. As this is the only way to distinguish true fertilization, all zygotes of our series could be considered, by extrapolation, as fertilized. It is also important to point out that none of them had two Y signals, suggesting that only a single spermatozoon was injected in each of them.
The fact that most of the zygotes considered as 3PN by FISH (12 out of 15) had only one PB would indicate normal oocyte maturation. Moreover, no second PB were detected in the zygotes studied by morphological assessment (data not shown), and we never observed two PB in any zygote after FISH analysis.
Furthermore, for those zygotes considered as 3PN by FISH, the observed pronuclear Y/X ratio (0.216) fits the theoretical ratio of 0.2 corresponding to a non-extrusion of the second PB and no statistical difference was observed between these ratios. Thus, our results seem to support non-extrusion of the second PB as the main origin of ICSI derived 3PN zygotes.
Finally, in our series, only one of the zygotes was aneuploid. FISH results indicated XY/181818. We considered this particular zygote as an 18 trisomy instead of a triploid X0Y/ 181818 because this is the most common situation (after discarding FISH failure according to the commercial guarantee and our own parallel controls), although further FISH studies need to be performed. Our results do not confirm the high incidence of sex-chromosome abnormalities (five cases of sexchromosome aneuploidy out of 12 ICSI pregnancies from which three were twin) that has been previously reported by In't Veld et al. (1995) , but different criteria for including patients in an ICSI programme, the use of different ICSI 2764 procedures (Feichtinger et al., 1995) , or abnormal chromosome segregation after the very first division onwards (Staessen and Van Steirteghem, 1997) could explain these different observations.
In conclusion, FISH analysis allowed us to confirm the nonextrusion of the second PB as the more common origin of 3PN ICSI-derived zygotes. Further studies are needed to clarify the reasons for this high incidence of non-extrusion of the second PB after injection.
